Background: Between the ages 45 and 65 years, incident stroke is 2 to 3 times more common in blacks than in whites, a difference not explained by traditional stroke risk factors.
S
IMILAR TO RACIAL DIFFERences in stroke mortality, the difference between blacks and whites in stroke incidence is substantially larger between the ages of 45 and 65 years. 1, 2 Moreover, "traditional stroke risk factors" explain only approximately half of this excess. 2 Factors potentially contributing to the unexplained racial disparity in incident stroke risk include the following: (1) racial differences in the impact of risk factors, (2) residual confounding from incomplete characterization of the attributes of these risk factors, (3) nontraditional risk factors (not included in the Framingham Stroke Risk Function 3 ), and (4) measurement error in predictive factors. 2 Herein, we use data from the REasons for Geographic And Racial Differences in Stroke (REGARDS) study to focus on the first of these possibilities, differences in the impact of the traditional risk factors between races. This report addresses the possibility that an elevated systolic blood pressure (SBP) level is associated with a greater increase in stroke risk in blacks than in whites, with particular emphasis on relatively young adults (age 45-65 years), where the disparity in stroke between blacks and whites is greatest.
METHODS
The REGARDS study is a population-based longitudinal cohort study of 30 239 black and white individuals 45 years and older, recruited between 2003 and 2007 and followed up through 2011. The study oversampled blacks (42%) and residents of the southeastern "Stroke Belt" (Alabama, Arkansas, Georgia, Louisiana, Mississippi, North Carolina, South Carolina, and Tennessee) (56%). The traditional stroke risk factors were assessed through a combination of telephone interview and a physical examination conducted in the participant's home that included the collection of glucose level and blood pressure (BP) measurements. Because the racial disparities in stroke risk are larger for blacks than for other minority race/ethnic groups, 4 the REGARDS study was designed to focus on the stroke disparity between blacks and whites. Study design details 5 and event identification and adjudication 1 are available elsewhere. Of the 30 239 REGARDS study participants, 56 (0.2%) were excluded owing to data anomalies, and follow-up was not available for 547 participants (1.8%). Of the remaining 29 636 participants, 1888 (6.4%) reported a prevalent stroke at baseline and were excluded, resulting in a final analysis data set of 27 748 participants.
Age strata were created to reflect a decreasing stroke mortality risk for whites compared with blacks, where the risk for blacks younger than 65 years was 2 to 3 times higher than that for whites younger than 65 years, but the racial disparity decreases and is completely absent by age 85 years. [6] [7] [8] A number of recent publications have shown a very similar pattern in stroke incidence, with large disparities below age 65 years and smaller disparities above that age.
1,2,9,10 Because of this age-by-race interaction in the risk of incident stroke, participants were stratified into approximate tertiles by age (ages 45-64, 65-74, and Ն75 years). Likewise, following SBP categories suggested by "The Seventh Report of the Joint National Committee on Prevention, Detection, Evaluation, and Treatment of High Blood Pressure" ( JNC7), 11 participants were classified as normotensive (SBP Ͻ120 mm Hg), prehypertension (120-139 mm Hg), stage 1 hypertension (140-159 mm Hg), and stage 2 hypertension (Ն160 mm Hg). Because very few white participants had stage 2 hypertension (eg, only 1.6% of those aged 45-64 years; Table 1 ), those with stage 2 hypertension were omitted from subsequent analysis; hence, we jointly considered stroke risk in 9 age-hypertension strata (3 age strataϫ3 SBP strata). The analysis approach was to first assess the potential of a differential impact of hypertension on stroke risk using raceby-SBP interaction terms in proportional hazards models, initially after adjustment for demographic factors (age, race, ageby-race interaction, and sex) plus the use of antihypertensive medications and subsequently after adjustment for stroke risk factors (diabetes, atrial fibrillation, left ventricular hypertrophy, heart disease, and current cigarette smoking). The potential for effect modification between SBP, race, and age were assessed by the addition of interaction terms (a priori, P = .10 was considered significant for interaction terms). In addition, the magnitude of differences between blacks and whites in each of the 9 strata was determined using proportional hazards analysis to adjust for only sex plus antihypertensive use and then to subsequently adjust for the aforementioned risk factors. Although the REGARDS study has a wealth of risk factors that could be used, we have intentionally limited the covariate adjustment to the major traditional stroke risk factors defined by inclusion in the Framingham Stroke Risk Function. 3 These set of risk factors were confirmed as the major stroke risk factors by an independent risk assessment analysis in the Cardiovascular Health Study (CHS). 12 The race of participants was determined by self-report. As recommended by the JNC7, 11 SBP was defined as the mean of 2 seated measures taken after a 5-minute rest. Use of antihypertensive medications was defined by self-report. Diabetes was defined as a fasting glucose level of 126 mg/dL or greater (to convert to millimoles per liter, multiply by 0.0555) (or nonfasting glucose level of Ն200 mg/dL if the participant was not fasting) or self-reported use of diabetic medications. Atrial fibrillation was defined by self-report of physician diagnosis or electrocardiogram evidence, and left ventricular hypertrophy was defined by the Sokolow-Lyon criteria. 13 Current cigarette smoking was defined by self-report. History of heart disease was defined as a self-reported myocardial infarction, electrocardiogram evidence of myocardial infarction, or self-reported coronary artery bypass, angioplasty, or stent.
Because the disparity in stroke mortality has traditionally been defined as a difference in all strokes (ie, infarcts plus hemorrhages), we have chosen a similar definition for the stroke outcome for this study. Suspected stroke events reported on semiannual telephone contacts and associated medical records were retrieved and adjudicated by a physician committee. A suspected stroke was triggered for adjudication if the patient or proxy reported a stroke or transient ischemic attack event, was hospitalized for stroke symptoms, or was hospitalized for unknown reasons. For proxy-reported deaths, an interview was conducted with an informed proxy.
Because some medical records could not be retrieved and records remained in the adjudication process at the time of analysis (approximately 10% each), multiple imputation techniques were used to reduce the potential bias arising from undocumented stroke events. Ten imputation data sets were created using the approach of Rubin.
14 Details of the multiple imputation approach used in the REGARDS study cohort, including sensitivity analysis for differences in estimates, are provided elsewhere. 15 
RESULTS
Over a mean (SD) of 5.6 (2.0) years of follow-up, 715 adjudicated stroke events occurred among the 27 780 participants. Only 15% of the participants voluntarily withdrew from follow-up (Ͻ3% per year), and these participants were censored at their last observed contact. The characteristics of the population within the age-by-SBP strata are described in Table 1 (those with SBP Ն160 mm Hg were excluded from subsequent analyses). With the exception of current cigarette smoking, risk factor prevalence was generally higher for older participants and for participants with higher BP levels. Across age and SBP level, black participants were more likely to be using antihypertensive medications and to have a higher prevalence of diabetes and left ventricular hypertrophy but had a lower prevalence for atrial fibrillation, smoking, and heart disease. Figure 1 shows the estimated impact of a 10-mm Hg higher level of SBP both overall (pooled black and white participants) and separately by race groups. Overall, there was a 14% increased risk of stroke associated with a 10-mm Hg higher SBP (hazard ratio [HR], 1.14; 95% CI, 1.08-1.21); however, there was evidence of racial differences in this association (P value for interaction, .02) with an 8% increase in whites (HR, 1.08; 95% CI, 1.00-1.16) and a 24% increase in blacks (HR, 1.24; 95% CI, 1.14-1.35). Adjustment for risk factors ( Figure 1B ) reduced the estimated impact of SBP differences, but the same pattern of racial differences persisted (P value for interaction, .049).
The proportions of participants remaining strokefree within the 9 SBP-age strata are shown in Figure 2 , with estimated black to white HRs given in Table 2 . In the youngest age stratum, there were relatively few strokes and little racial difference in stroke for those with an SBP lower than 120 mm Hg; however, whites tended to be at greater stroke risk (black to white HR, 0.87; 95% CI, 0.48-1.57). Among prehypertensive subjects (SBP, 120-139 mm Hg), whites had a higher stroke risk than normotensive subjects, but black participants had a risk 38% higher than their white counterparts (HR, 1.38; 95% CI, 0.94-2.02). For participants with stage 1 hypertension, black participants were at 2.38 times the stroke risk of their white counterparts (HR, 2.38; 95% CI, 1.19-4.72). Among these young participants, the test for trend suggested an increasing magnitude of disparity in stroke risk with higher BP levels (P = .03). Adjustment for additional risk factors only marginally mediated this pattern (Table 2) , and further adjustment for income and education as measures of socioeconomic status did not meaningfully affect the results (data not shown).
The overall risk of stroke was higher for those aged 65 to 74 years. In Figure 2 , for those with SBP lower than 120 mm Hg, there was little racial difference in stroke risk (HR, 1.10; 95% CI, 0.64-1.88). No significant differences in black to white HRs for stroke risk were detected (P value for trend, . Stroke risk was highest in the oldest age strata (Ն75 years) (Figure 2 ). In those with an SBP lower than 120 mm Hg, the stroke risk among blacks was marginally lower (HR, 0.90; 95% CI, 0.45-1.81), and there was little evidence of a change in the black-white disparity for those with prehypertension (HR, 0.95; 95% CI, 0.65-1.40). However, there was modest evidence of higher risk in blacks for those with stage 1 hypertension (HR, 1.61; 95% CI, 0.99-2.62). There was also modest evidence that the stroke risk for blacks compared with whites changed with increasing levels of BP (P value for trend, .16). Adjustment for additional risk factors did not substantially modify the pattern of racial disparity (Table 2) .
COMMENT
We document a differential impact of SBP on stroke risk for blacks compared with whites, a difference that was not substantially modified by adjustment for other traditional stroke risk factors. This differential impact of high BP is the third pathway through which BP could contribute to racial disparities in stroke risk. The 3 pathways are as follows:
Pathway 1: It has long been accepted that the "prevalence of hypertension in blacks in the United States is among the highest in the world, and it is increasing." 16(p102) This finding was confirmed in the REGARDS Table 2 for HRs and 95% confidence intervals in the risk factor adjusted model (ie, after additional adjustment for diabetes, atrial fibrillation, left ventricular hypertrophy, heart disease, and current cigarette smoking). study population, where 71% of blacks compared with 51% of whites were hypertensive.
17
Pathway 2: There is increasing appreciation that while blacks are more likely than whites to be aware of their hypertension and are also more likely to be treated for their hypertension, they are remarkably less likely to have their BP controlled. For example, in the National Health and Nutrition Examination Survey 1999-2002, awareness of hypertension was 77.7% for blacks compared with 70.4% for whites, and hypertension was treated in 68.2% of blacks and 60.4% of whites but was controlled in 48.9% of blacks compared with 59.7% of whites. 18 In the REGARDS study, we found a 1.45-times greater odds (95% CI, 1.25-1.71) that blacks would be aware of their hypertension, a 1.56-times greater odds (95% CI, 1.34-1.83) that their hypertension would be treated, but a 0.67-times lesser odds (95% CI, 0.60-0.74) that they would have controlled BP. 19 In the REGARDS study, the achieved BP of blacks compared with whites was approximately 5 mm Hg higher. 17 Pathway 3: Herein, we estimate that the impact of higher BP levels on stroke is 3 times greater for blacks than for whites, that is, for the same 10-mm Hg difference in SBP, there was a 24% increase in risk for blacks but only an 8% increase for whites.
Thus, hypertension is then a "triple curse" for stroke risk in blacks, and this triple curse is particularly potent for those aged 45 to 64 years, where the magnitude of the black-white disparity in stroke increases substantially at higher SBP levels.
We were struck that in the REGARDS study, regardless of age, there was no evidence of a racial disparity in the risk of incident stroke among normotensive individuals ( Figure 1 and Table 2 ). This observation in normotensive individuals suggests the theoretical potential of eliminating all 3 pathways through which BP contributes to racial disparities (higher prevalence, poorer control, and larger impact in blacks), whereas, when controlled, there appears to be no racial disparity in stroke incidence. This is particularly remarkable for those aged 45 to 64 years, where the overall risk of stroke across all SBP levels is between 2 and 3 times greater in blacks than in whites. 1, 2 However, this observation in the REGARDS study is conditional on the participant having an SBP less than 120 mm Hg, and only 28% (1717 of 6155) of blacks in this age range (45-64 years) meet this criteria compared with 44% (3548 of 8129) of whites. In the 45-to 64-year age group, much of the excess stroke risk was among those with stage 1 hypertension (SBP levels between 140 and 159 mm Hg), which included 1076 blacks (18%) and only 821 whites (10%).
Our data suggest that the striking racial disparity in stroke risk between ages 45 to 64 years may be substantially reduced by improved BP control, and justify a clinical trial or other observational studies for confirmation. Theoretically, moving all black and white individuals from stage 1 hypertension to prehypertension would reduce the black to white HR from 2.38 to 1.38, reducing the disparity in stroke by 72% [(2.38-1.38)/(2.38-1.00) = 0.72], thereby nearly eliminating the racial disparity. Additional reductions in the racial disparity could be further realized if the BP could be reduced to levels where we observed blacks to have stroke risk nonsignificantly lower than whites. As we have previously noted, this might be best achieved with primordial prevention of hypertension at ages even younger than 45 years; however, this assumes that the reduction of BP to a lower level is associated with a reduction in risk similar to the level of others already at that level. 2 Compared with younger individuals, we also observed similar patterns of increasing disparities in stroke for those aged 65 to 74 years; however, the differences were not as dramatic. The smaller black to white HRs at older ages is perhaps not surprising, since the overall magnitude of black-white racial disparities in the age strata is substantially smaller. 1, 2 Although the goal of reducing BP to levels lower than 120 mm Hg for blacks is a lofty (and perhaps unachievable) goal, the theoretical economic and public health implications are staggering and can be estimated with a number of speculative assumptions. Considering only those between the ages of 45 and 64 years, according to the Centers for Disease Control and Prevention's WONDER (Wideranging Online Data for Epidemiologic Research), in 2007, there were 4537 stroke deaths among the 8 674 534 US blacks (a crude rate of 52.3 per 100 000) and 11 577 stroke deaths among the 63 787 911 US whites (a crude rate of 18.1 per 100 000). 20 According to the Atherosclerosis Risk in Communities Study, 30-day case fatality following stroke in this age range is 12.5% for blacks, 21 implying a crude estimate of 36 296 (4537 divided by 0.125) strokes in the US black population. It would take a 65.3% reduction in stroke mortality for blacks to die at the same rate as whites, a difference that these data suggest could be achieved with improved BP control. If this reduction were applied to the estimated 36 296 stroke events in blacks, the number of strokes would be reduced by 23 701 events. It is estimated that the cost of a stroke is approximately $140 000, 22 so that BP control could result in an annual savings of $3.3 billion dollars. As previously stated herein, these calculations require substantial assumptions; however, they provide a "ball park" estimate of the potential impact of improved BP control for blacks between ages 45 and 64 years.
This report has the following strengths and weaknesses. The REGARDS study is one of few studies with a sufficient number of both black and white participants to allow for the study of differences in the impact of risk factors between blacks and whites. To date, we have accrued 715 incident stroke events among those stroke free at baseline. While this number compares favorably with other studies 1 and allows age-SBP-race stratification as performed herein, a larger number of stroke events that are currently being accrued will continue to improve the precision of the estimates. There are many reports documenting a wide array of psychosocial, biomarker, and interview and physical measures as stroke risk factors. We relied on the major stroke risk publications 3, 11 to guide the selection of risk factors for the adjustment in our statistical models; however, stroke risk factors not considered in the models may result in an underestimation of the degree racial differences could be explained. The study is also limited to a single measure of exposures at baseline and as such cannot adjust for either changes in the risk factors or for measurement error affecting results (ie, regression dilution bias).
In conclusion, it has long been known that the prevalence of hypertension is higher in blacks and that control of hypertension in blacks is relatively poor. In this study we show that blacks, compared with whites, also appear to be more susceptible to stroke, given the same level of elevated BP. Blacks have more hypertension and are less likely to have it controlled, and when it is not controlled they are at greater risk for incident stroke (relative to whites with the same BP levels). Our findings raise the potential that appropriate BP control, particularly for those aged 45 to 64 years, may play a major role in reducing the longstanding racial disparity in stroke risk in the United States.
